Based on radiotelemetry and snow tracking in 2003 and 2004, we examined habitat selection by red foxes (Vulpes vulpes) in Yellowstone National Park at the 3rd-order (within-home-range selection) and 2nd-order (selection of a home range) scales. We analyzed habitat use using a euclidean distance method that compares distances from each location to each habitat type against expected distances. Overall, red foxes used forested habitats more than open habitats. Red foxes were closer to Douglas-fir (Pseudotsuga menziesii) habitat than expected at both scales, suggesting greater use. Open, mesic grassland at the 2nd-order scale also was used less than expected. Red foxes were farther from ecotones than expected at both scales, a result primarily due to heavy use of Douglas-fir forest, in which they were farther from ecotones than expected, whereas being closer to ecotones than expected in all other habitat types. At the 2nd-order scale, home ranges of red foxes contained more mesic and sagebrush (Artemisia) habitats in winter compared to summer. We hypothesize that competition with coyotes (Canis latrans) greatly impacts habitat use by red foxes. For example, when using coyote-favored habitats with less cover, such as sagebrush and mesic grasslands, red foxes may remain closer to ecotones and thus closer to escape cover. Additionally, their superior mobility in deep snow compared to coyotes may allow red foxes to include more mesic and sagebrush habitats within their home ranges in winter, and thus exploit the greater food resources that have been found to occur in these habitats. Snow tracking and radiotracking revealed similar patterns of habitat use, but snow tracking generated fewer samples because it is labor intensive, only possible after snow events, and not possible outside of winter. However, snow tracking did reveal aspects of red fox behavior that telemetry could not, such as where red foxes foraged. Red foxes in this study may be the native subspecies V. v. macroura, which may partially explain selection for forested habitats and against low-elevation, mesic grasslands.
Much of the research in Yellowstone National Park (YNP) during the last 3 decades has focused on large carnivores such as grizzly bears (Ursus arctos), wolves (Canis lupus), cougars (Puma concolor), and coyotes (Canis latrans). The red fox (Vulpes vulpes), which is possibly the native subspecies V. v. macroura (Fuhrmann 1998; Kamler and Ballard 2002; Swanson et al. 2005 ) within higher elevations of the park, has only recently received attention. Habitat use by red foxes in YNP was initially investigated by Fuhrmann (1998) , who only focused on the winter season. Our current study, as well as those of Gese et al. (1996b) , Fuhrmann (1998) , and Swanson et al. (2005) , are part of long-term investigation of canid ecology in northern Yellowstone (see Crabtree and Sheldon 1999) .
A common limitation of habitat use-availability studies is that conclusions can vary depending on the definition of availability (McClean et al. 1998; Porter and Church 1987) . This is especially true if unavailable habitats are included in the study. This can be troublesome for species such as the red fox (Wilson et al. 1998 ) that defend territories from conspecifics. Complications also occur from the presence of larger carnivores such as coyotes, which tolerate red fox to some degree in YNP in the absence of carrion (Gese et al. 1996b ), but can also effectively exclude them (e.g., Harrison et al. 1989; Major and Sherburne 1987; Sargeant et al. 1987) . In addition, a study of habitat selection at just 1 scale can mask important aspects of habitat selection (Dickson and Beier 2002) , or the criteria for selection may change at different scales (Orians and Wittenberger 1991) . Thus, researchers have increasingly examined multiple scales when conducting studies of habitat selection (Manly et al. 2002) .
To better understand the ecology of red foxes in YNP, we examined habitat selection at the within-home-range scale (3rd-order selection -Johnson 1980) and at the study-area scale (2nd-order selection; selection of a home range) in comparison to the population-level, 1st-order selection study of Fuhrmann (1998) . At the 3rd-order scale, we employed 2 datagathering techniques: radiotelemetry and snow tracking. Based in part on Fuhrmann (1998) , we predicted that red foxes would be closer to forested cover types such as Douglas-fir (Psuedotsuga menziesii) and lodgepole pine (Pinus contorta) than expected, while being farther from nonforested habitats than expected to avoid larger canids such as coyotes, which favor open habitats (Gese et al. 1996a; Van Etten 2006) , and reduce the risk of mortality to themselves and their kits. Studies in YNP have found that arvicoline rodents and northern pocket gophers (Thomomys talpoides), the primary food sources for red foxes (Van Etten 2006) , have greater densities in open habitats such as mesic meadows and sagebrush (Artemisia) compared to forested habitats (Gese et al. 1996a; Mattson 2004) ; also most elk (Cervus elaphus) carcasses, another major winter food source, occur in such open habitats (R. L. Crabtree and J. W. Sheldon, in litt.). We thus also hypothesized that red foxes would use areas closer to ecotones within these coverpoor habitats while remaining close to escape cover. In addition, we examined how and if results varied between telemetry and snow-tracking methods. To examine 2nd-order habitat selection, we compared habitats within home ranges of red foxes to habitats within the study area extent.
MATERIALS AND METHODS
Study area.-This study was conducted in the Soda Butte and Lamar River valleys on the northern range of YNP in northwestern Wyoming. Elevation ranges from 1,900 to 3,200 m above sea level. The climate is characterized by short, cool summers and long, cold winters (Wilmers et al. 2003) . Mean daily low and high temperatures range from À17.48C and À4.38C in January to 2.48C and 25.78C in July, respectively, and mean annual precipitation is 34.4 cm, with most occurring as snowfall (242 cm average snowfall annually; Lamar ranger station, Wyoming; Western Regional Climate Center, Reno, Nevada, 1948 .
The study area consists of large, flat valley floors, consisting of grassy meadow and sagebrush habitat, and steep valley sides consisting of Douglas-fir, lodgepole pine, small aspen (Populus tremuloides) stands, and some sagebrush habitat on southfacing slopes. White-bark pine (Pinus albicaulis), as well as some spruce (Picea engelmannii) and subalpine fir (Abies lasiocarpa), exist at higher elevations.
Trapping and radiotelemetry.-An effort was made to collar at least 1 individual in each group of red foxes, which consists of a mated pair and occasionally 1 or more additional red fox from previous litters. Extensive snow-tracking efforts conducted throughout the study area in the winter 2003 season before trapping suggested where groups of red foxes occurred. Trapping efforts were conducted mostly in areas where red foxes or red fox tracks had been observed. Red foxes were trapped with numbers 1½ and 3 soft-catch, center swivel, padded leghold traps with offset jaws (Woodstream Corp., Lititz, Pennsylvania) in spring (17 May-10 June), summer (14 July-1 August), and fall (15 September-15 October) of 2003. In addition, red foxes were trapped using box-traps (0.46-m width Â 0.61-m height Â 1.22-m length; constructed by 1st author of plywood sides with 1 clear acrylic plastic sheet for viewing) during winter, from 10 January to 15 March 2004.
Red foxes were restrained using a Y-stick and a noose pole. Their legs and, after inserting a chomp-bit to allow for panting and proper thermoregulation, jaws were taped with electrical tape. They were then blindfolded. This method allowed safe processing without anesthetics. We attached radiocollars (140 g) with mortality sensors (Advanced Telemetry Systems, Isanti, Minnesota) and colored ear tags (NASCO Farm & Ranch, Fort Atkinson, Wisconsin) to assist in identification of all captured animals. Sex, weight, and other morphological measurements were recorded. Age was estimated by amount of tooth wear (R. L. Crabtree, pers. comm.) . Animals were finally injected with a small amount of Flocillin (antibiotic) and released at the capture site. Processing time (removal from trap to release time) generally took 20-25 min. Handling protocols followed the guidelines of the American Society of Mammalogists (Gannon et al. 2007 ) and were approved by Colorado State University's Animal Care and Use Committee (protocol 02-231A).
From July 2003 to September 2004, red foxes were relocated via triangulation with a portable receiver (Telonics TR4; Telonics, Inc., Mesa, Arizona; or ATS FM100; Advanced Telemetry Systems) and a 3-element yagi antenna. Every 4 weeks, red foxes were relocated within three 8-h periods as follows: for 2 weeks from 0600 to 1400 h, and for 1 week each from 1400 to 2200 h and 2200 to 0600 h. Logistics with another study allowed for more frequent sampling during the morning period. This process resulted in 5 or 6 relocations of each individual per week. This greater proportion of sampling in the morning did not bias results, because example results from snow tracking closely paralleled those from telemetry. In addition when the morning period was randomly subsampled to sample sizes equal to the other 2 periods, mean used-to-random distance ratios did not change significantly for any habitat types. We therefore used all telemetry data in analyses. All resident animals were relocated in sequential order from east to west during each data collection period. When the westernmost animal was relocated, this process was repeated. On the next data collection period, the next animal to the west in sequential order was relocated 1st, and the relocation process was repeated. This systematic method assured that animals were relocated at different times throughout the day.
For each relocation, bearings (estimated from a compass) were taken from established telemetry stations and were plotted on United States Geological Survey quadrangles in the field. This provided some indication of the quality of the relocation, and additional bearings were then obtained, if necessary. Animal movement can greatly impact the accuracy of telemetry studies (Schmutz and White 1990) , so relocations that had greater than 20 min between the 1st and last bearings were not used in analyses. At least 3 bearings were used to estimate a location. Telemetry stations and bearings were entered into program LOCATE II (Nams 2000) to estimate point locations and the area of 95% confidence ellipses using Lenth's (1981) maximum-likelihood estimator. All relocations with error ellipses exceeding 0.5 km 2 were excluded from further analysis. Overall, 27% of the relocations of red foxes were excluded because of either large error ellipses or long time durations between 1st and last signals.
To test the accuracy of the telemetry system, 32 test beacons were placed in different habitat types in this study area at varying distances from tracking stations, and these locations were recorded with a global positioning system unit (Trimble GeoExplorer 3; Trimble Navigation Limited, Sunnyvale, California). These beacons were then relocated, and mean bearing error, absolute mean bearing error, and average linear error between the estimated and true locations were estimated.
Home-range delineation.-We estimated home ranges of red foxes using the fixed-kernel estimator (Worton 1989 ) with least-squares cross validation to estimate the smoothing parameter. Least-squares cross validation results in less-biased homerange estimates than other methods (Seaman et al. 1999; Worton 1995) , and kernel estimators have performed better than other home-range estimators with fixed kernel performing better than adaptive kernels (Seaman and Powell 1996) . We report the area within the 95% isopleth as home-range size, and area within the 50% isopleth as core-use-area size. Home ranges were estimated using the animal movement extension (Hooge and Eichenlaub 1997) for ArcView. Only animals with sufficient relocations within a season to reach a stable asymptote based on area-observation curves were used to estimate home-range size (Seaman et al. 1999) .
Some studies have shown a negative bias in home-range size Slade 1985, 1997) due to autocorrelation, whereas others have detected no difference in home-range estimates (Anderson and Rongstad 1989; Gese et al. 1990 ). Therefore, we tested each animal for independence between successive relocations using the test of Swihart and Slade (1985) based on Schoener's t 2 /r 2 ratio (Schoener 1981) , where t 2 is the mean squared distance between successive observations, and r 2 is the mean squared distance from the center of activity. Ratios significantly ,2 indicate autocorrelation, and were tested by comparing the t 2 /r 2 ratio for each individual to the lower critical value (a ¼ 0.1) of the confidence interval around the expected ratio mean of 2 (see Swihart and Slade 1985) .
Habitat selection based on radiotelemetry.-Telemetry location error can greatly bias habitat studies, especially if habitat patches are small or animals favor edge habitat (Nams 1989; Samuel and Kenow 1992 ; White and Garrott 1990) as red foxes in YNP seem to (Fuhrmann 1998) . We therefore employed the method of Samuel and Kenow (1992) , using program SUBSAMPL/HABUSE (Kenow et al. 2001) . This method subsamples 100 points from the error distribution surrounding each relocation, and these points are then used in subsequent habitat analyses.
The Spatial Analysis Center of YNP provided a 30-mresolution digital elevation map, created in 1999, and a vegetation map of the greater YNP area. The vegetation map, created in 1985 for research on and management of grizzly bears, was delineated from aerial photos (Mattson and Despain 1985) and has been updated regularly to include recent fire activity (R. Renkin, National Park Service, pers. comm.). Although no direct evaluation has been made of the accuracy of this vegetation map, Kokaly et al. (2003) compared parts of it to vegetation maps created using data from Airborne Visible/ Infrared Imaging Spectrometer (AVIRIS- Kokaly et al. 2003) and found 74% agreement between the 2 maps. Additionally, other researchers working within this study area have reported good agreement between the vegetation map and conditions encountered on the ground (R. Renkin, pers. comm.). From 30 habitat types, we condensed the vegetation map into 7 broad cover types based on the classification system of Despain (1990): Douglas-fir (df), lodgepole pine (lp), aspen (asp), mesic grasslands (mesic), sagebrush (sb), whitebark pine (wb), and regenerating forests with recent fire activity (regen). All radiotelemetry locations (points) were overlaid with the vegetation map and digital elevation map in ARC/MAP (Environmental Systems Research Institute 2004) to determine the habitat type, slope, aspect, and distance to ecotone for each point.
Habitat selection based on snow tracking.-Snow tracking of red foxes occurred between 4 January and 19 March 2004. Individual red foxes were snow tracked in random order. To minimize disturbance of red foxes, relocations . 12 h old were used to select transects. Transects were then delineated by drawing a line between the closest point on the northeastern entrance road and the telemetry location. The portion of this line running through the red fox's home range, as well as a 500-m buffer on each side, delineated the transect to be sampled for that day. The 500-m buffer was included to account for telemetry error.
All red fox tracks that intersected a transect were followed and the route was recorded using a global positioning system unit. Track sets were backtracked 1st to avoid impacting the animal's behavior, and then forward tracked. If the red fox was encountered, then tracking for that track set was halted. Every 150 m along the track set and at every forage site, a habitat point was established and the following habitat variables were collected: habitat type, distance to ecotone, ecotone type, slope, aspect, snow depth, and average sink depth of the nearest 3 red fox tracks. Forage sites were defined as locations where red foxes encountered carrion, pounced (evidenced by large craters), dug, or made a nose cone (evidenced by a snow imprint of a red fox nose, forehead, and usually ears) suggesting an attempt at olfactory detection of prey. We alternated between upper and lower transect starting points each time a red fox was tracked, because most transects could not be completed in a day. Common reasons for ending a tracking session included darkness; losing the track (usually because of elk or bison craters); unsafe area for tracking, for example, avalanche chute; or the red fox was encountered.
To distinguish track sets of red foxes and coyotes, we employed the 12-5-3 rule of Fuhrmann (1998) . This requires a consistent intergroup length (distance between consecutive left and right prints in the snow) of 30.4 cm (12 inches) or less, a straddle (distance between the outside of adjacent right and left tracks) of 12.7 cm (5 inches) or less, and a paw length of 7.6 cm (3 inches) or less. Fuhrmann (1998) found that this method may exclude larger red foxes, which can introduce some bias, but ensures that coyotes are not mistakenly classified as red foxes, a potentially more serious error.
Statistical analysis.-We defined habitat use as the observed habitat use, whereas habitat selection was defined as differences in observed habitat use compared to expected, based on the null model that individuals use habitats in the same proportions as available. We made no inference as to whether selected habitats were preferred.
Only resident animals, defined as exhibiting site fidelity to a territory or home range, were used in analyses. Transients or dispersers lacked site fidelity and traveled broadly. We partitioned the relocations into 2 seasons, breeding and gestation (1 December-14 April, winter) and pup-rearing (15 April-1 September, summer).
To assess if nonrandom habitat selection occurred within home ranges of red foxes (3rd-order selection-Johnson 1980), we employed a euclidean distance analysis method (Conner and Plowman 2001; Conner et al. 2003) . This method compares distances from each red fox location to each habitat against expected distances based on a uniform distribution of random locations generated within the home range of each red fox. A ratio of used to random distances for each habitat is then calculated for each red fox, and then subtracted by 1, with a value . 0 suggesting less than expected use and a value , 0 suggesting greater than expected use. The NEAR command in ARC/INFO (Environmental Systems Research Institute 2004) was used to calculate the distance from each point to each habitat type, with the habitat type of the point receiving a distance of 0. Average distances to all habitats from random points stabilized between 300 and 500 points; thus, we used 500 random points for each home range to estimate expected distances for each red fox. A MANOVA (Proc GLM-SAS Institute Inc. 2003) approach was used to model habitat selection based on the average ratios for each habitat as a function of the corresponding ratios of the following independent variables: slope, aspect, sex, season, and distance to ecotone. Aspect is a circular variable and a sine and cosine transformation was therefore used (Jammalamadaka and Sengupta 2001) . We used an information-theoretic approach to select the most appropriate model based on the data. Because red foxes are capable of using a wide range of habitats and there have been no previous studies conducted on red foxes in YNP at this scale, this was considered an exploratory analysis and all combinations of the 6 habitat variables were modeled. We used the approach of Burnham and Anderson (2002) for multivariate applications that utilizes the sum of squares cross-product matrix to calculate Akaike information criterion (AIC) values to select ''best'' models. This method incorporates the additional parameters due to the multivariate response (Fujikoshi and Satoh 1997) . Akaike weights (w i ; probability that the ith model is actually the best approximating model among the candidate models) and relative importance (wþ) for each predictor variable (the sum of Akaike weights across all models in the set containing that variable) were calculated (Burnham and Anderson 2002) . For the appropriate model selected, if overall selection was evident, then pairwise t-tests for each habitat ratio were conducted to test for significance and direction from 0. We used Dunn's (1961) and Sidak's (1967) improvement to the Bonferroni method for multiple comparisons to control the experimentwise significance level for these tests.
Because of logistical constraints and captures of some red foxes late in the winter season, snow-tracking data were only collected on 6 individuals, which prohibited the use of the same multivariate technique. To test for a difference between the 2 techniques, we combined snow-tracking data with winter telemetry data from red foxes that were snow tracked, and used ''method of tracking'' as a covariate in a multivariate analysis of variance (MANOVA) approach modeling habitat selection as above. Forage-point data collected during snow tracking were pooled over all individuals and frequencies of selected forage habitat were compared to expected based on all random locations within home ranges of red foxes using a chi-square test.
To examine habitat use at the study-area scale (2nd-order selection-Johnson 1980), we used the euclidean distance approach outlined above. The average distance from randomly generated points within home ranges of red foxes to each habitat was compared to the average distance from 10,000 randomly generated points within the study area to each habitat. We defined the study area by creating a 100% minimum convex polygon (Mohr 1947 ) based on all telemetry relocations of red foxes. The same information-theoretic technique outlined above was then applied. This was also treated as an exploratory analysis and all combinations of the 6 habitat variables were modeled.
Finally, we used the multiresponse permutation procedure to determine if home ranges of red foxes shifted between seasons using program BLOSSOM (Cade and Richards 2005) . The multiresponse permutation procedure is a randomization technique and is preferable to other tests of home-range shift because it can detect range expansion and contraction and differences in the utilization distribution even when homerange centroids remain similar (Kernohan et al. 2001) .
RESULTS
Trapping and radiotelemetry.-We captured and collared 12 red foxes (7 males and 5 females) during the 4 trapping periods with greatest capture success in fall and winter. Captured red foxes averaged 4.9 kg (SE ¼ 0.18 kg) with males (5.3 kg, SE ¼ 0.18 kg) slightly larger than females (4.6 kg, SE ¼ 0.28 kg).
Eleven of 12 red foxes were residents, and 1 fox disappeared from the study area shortly after capture, suggesting that he was a transient or disperser. Based on snow-tracking evidence, we captured at least 1 red fox in all but 1 area known to contain groups of red foxes.
Test beacons were on average 1,609 m (SE ¼ 82.7 m, range ¼ 331-3,538 m) from tracking stations during the 32 beacon tests. Mean bearing error over the 32 tests was 0.356 degrees (SE ¼ 0.86 degrees), and no directional bias within the study area or the telemetry system was detected based on a histogram of bearing errors and a t-test (null hypothesis: average bearing error ¼ 0 degrees, t ¼ 0.417, P ¼ 0.339). Mean absolute bearing error was 4.6 degrees (SE ¼ 0.64 degrees). Average linear error between the estimated and actual location was 227 m (SE ¼ 22.7 m).
Home-range delineation.-Only individuals with a minimum of 30 relocations (Seaman et al. 1999 ) and sufficient relocations within at least 1 season for home-range size to stabilize, based on area-observation curves (stabilization on average occurred at 29 relocations, range ¼ 16-50 relocations), were included in further analyses. Nine of 11 resident red foxes had sufficient numbers of radiotelemetry locations to estimate 16 home ranges (9 winter and 7 summer).
Twelve of the 16 home-range estimates based on telemetry data satisfied the independence criterion, that is, Schoener's t 2 /r 2 ratio was not significantly different from 2. Three of the 4 that were significant had multiple activity centers. This results in requiring unrealistically long time intervals between relocations to achieve independence and violates the test's assumption of a stationary center of activity (Kernohan et al. 2001) ; therefore, these 3 individuals were included in the analyses. One red fox (M114) with only 1 center of activity failed the independence test (t 2 /r 2 ratio ¼ 1.64 , 1.78, the critical value), but Swihart and Slade (1997) found that ratios . 1.5 indicate only minor autocorrelation, which did not result in significant bias of kernel home-range estimates. Thus, all 16 seasonal home ranges estimated for the 9 red foxes were included in further analyses.
The 95% fixed-kernel home ranges for red foxes over both winter and summer averaged 9.73 km 2 (SE ¼ 1.46 km 2 , range ¼ 4.03-25.17 km 2 , n ¼ 16). Core-use areas for red foxes averaged 1.46 km 2 (SE ¼ 0.44 km 2 , n ¼ 16). Home ranges of males across both seasons ( " X ¼ 12.86 km 2 , SE ¼ 2.93 km 2 , n ¼ 7) were larger than those of females ( " X ¼ 6.91 km 2 , SE ¼ 0.51 km 2 , n ¼ 9; t-test, t ¼ 2.00, d.f. ¼ 6, P ¼ 0.092). Home ranges of red foxes in winter across both sexes ( " X ¼ 10.11 km 2 , SE ¼ 2.11 km 2 , n ¼ 9) were similar to home ranges in summer
Habitat selection at the within-home-range scale.-Home ranges of red foxes (available habitat) on average across both seasons included 1% aspen, 50% Douglas-fir, 4% regenerating forest, 6% lodgepole pine, 12% mesic meadow, 26% sagebrush, and 1% whitebark pine. Red foxes in the Lamar and Soda Butte valleys selected habitat in a nonrandom fashion within their home ranges (MANOVA, F ¼ 5.17, d.f. ¼ 7, 9, P ¼ 0.013). Red foxes were closer to Douglas-fir habitat than expected, whereas distances to all other habitat types were similar to expected (Table 1 ). The top-ranked model explaining habitat selection contained distance to ecotone, sine-transformed aspect, and season and carried 59% of the Akaike weight (Table 2 ). Distance to ecotone had the greatest relative importance of the 6 habitat covariates (wþ ¼ 0.97, F ¼ 3.89, Response variables were the mean distance ratios for habitats (see Table 3 ) and independent variables were slope, season (winter ¼ 1 December-14 April, summer ¼ 15 April-1 September), sex, distance to ecotone (dist), and aspect, which was sine and cosine transformed (sin_asp and cos_asp). Method of tracking did not appear to affect the overall results for habitat selection of red foxes (F ¼ 1.66, d.f. ¼ 7, 16, P ¼ 0.194). When comparing snow-tracking versus winter radiotracking data, ratios of mean used versus random distances were similar and in the same direction for each habitat type with the exception of regenerating stands (Table 3) .
We encountered only 61 foraging sites of red foxes during snow-tracking efforts, and, with the exception of sagebrush (40% of forage sites and 30% of available habitat), red foxes did not select foraging habitat at the within-home-range scale (v 2 ¼ 7.23, d.f. ¼ 6, P ¼ 0.30; Fig. 1 ). No forage sites were observed in lodgepole pine, whitebark pine, or regenerating forest habitats.
Habitat selection at the study-area scale.-The delineated study area defining available habitat at this scale consisted of 1% aspen, 30% Douglas-fir, 4% regenerating forest, 9% lodgepole pine, 19% mesic, 26% sagebrush, and 11% whitebark pine. Red foxes selected home ranges nonrandomly from the habitat available within the defined study area (MANOVA, F ¼ 16.29, d.f. ¼ 7, 9, P ¼ 0.0002). At this scale, red foxes were closer to Douglas-fir forests and farther from open, mesic habitats than expected (Table 4 ). The top-ranked model explaining habitat selection was the global model containing all 6 habitat covariates (Table 5) . Of the habitat covariates, distance to ecotone had the greatest relative importance at this scale (wþ ¼ 1.0). Random points within home ranges of red foxes ( " X ¼ 172.74 m, SE ¼ 1.86 m) were farther from ecotones a Only winter telemetry data from individuals that were snow tracked are included in this comparison. b Mean ratios , 0 indicate habitat selected for, . 0 habitat selected against. To compute the mean distance ratios, the average distance (m) from red fox locations (range ¼ 34-70 m for radiotelemetry, range ¼ 24-207 m for snow tracking) within each home range to each habitat type was divided by the average distance (m) from random locations (n ¼ 500) within each home range to each habitat type, then subtracted by 1 (for details see ''Materials and Methods '' and Conner and Plowman [2001] ). c Univariate t-tests testing ratio difference from a value of 0 (n ¼ 6). d Using Dunn's (1961) and Sidak's (1967) method of controlling the experimentwise significance level for multiple comparisons, adjusted a ¼ 0.0073.
than random points within the study area ( "
Similar to selection at the within-home-range scale, this result was due to the heavy selection of Douglas-fir habitat by red foxes. Random points within home ranges of red foxes were farther from ecotones than expected in Douglas-fir ( " X ¼ 220.1 m, SE ¼ 3.02 m for random points within the home ranges of red foxes and " X ¼ 152.4 m, SE ¼ 2.94 m for random points within the study area, respectively), but were closer to ecotones than expected in all other habitat types except whitebark pine. Aspect variables were the next most important variables (sineand cosine-transformed wþ slightly less than 1.0 for both), and red foxes selected more east-and south-facing slopes and fewer west-facing slopes than available (F ¼ 10.43, d.f. ¼ 7, 8, P ¼ 0.0018 for sine-transformed aspect, F ¼ 5.41, d.f. ¼ 7, 8, P ¼ 0.0150 for cosine-transformed aspect). Season was next in importance (wþ ¼ 0.99), with home ranges of red foxes containing less Douglas-fir and lodgepole pine and more mesic, sagebrush, and regenerating forest habitat in winter versus summer (F ¼ 6.58, d.f. ¼ 7, 8, P ¼ 0.0082; Fig. 2 ). Slope was next in importance (wþ ¼ 0.92), and slope within home ranges of red foxes ( " X ¼ 13.448, SE ¼ 0.09748) was less steep than for random points within the study area ( "
Model support and relative importance was least for sex (
There was evidence that red foxes shifted their home-range utilization distributions between the 2 seasons for all 7 red foxes with home ranges estimated for both seasons (multiresponse permutation procedure, P 0.0521 for all red foxes).
DISCUSSION
Our prediction that red foxes would be closer to forested habitats than expected within their home ranges was supported for Douglas-fir habitats, but not for lodgepole pine. However, lodgepole pine only constituted ;6% on average of the home range of red foxes in this study. As predicted, red foxes were farther from mesic and sagebrush habitats than expected at the within-home-range scale, but trends were not strong. At the study-area scale, as hypothesized, red foxes were closer to Douglas-fir and farther from mesic habitats than expected. However, contrary to our prediction, red foxes were closer to sagebrush than expected. In comparison to open, mesic habitats, sagebrush may offer some cover for a small predator such as the red fox (Fuhrmann 1998) , but much less than in forested habitat types. Other studies also have found that red foxes tend to select forested or shrub habitats that provide plenty of cover and to less frequently use open habitats with little or no cover (Cagnacci et al. 2004; Jones and Theberge 1982; Klett 1987; Weber and Meia 1996) .
In European studies, red foxes in areas characterized by deep winter snows have used open habitats more in summer and forested habitats more in winter due to less snow accumulation in forested habitats (e.g., Cagnacci et al. 2004; Cavallini and Lovari 1991; Weber and Meia 1996) . In contrast, at the withinhome-range scale we detected no difference by season, but at the study-area scale most red foxes in YNP had smaller home ranges containing more open, sagebrush, and mesic habitat in winter compared to summer. Access to wolf-killed carcasses during winter in open, valley-floor habitats may, in part, explain this use of more open, nonforested habitat during winter. Coyotes often exclude (Harrison et al. 1989; Major and Sherburne 1987; Sargeant et al. 1987 ) and sometimes kill (Sargeant and Allen 1989) red foxes, which may increase the Table 4 ) and independent variables were slope, season (winter ¼ 1 December-14 April, summer ¼ 15 April-1 September), sex, distance to ecotone (dist), and aspect, which was sine and cosine transformed (sin_asp and cos_asp). importance of cover in North America and prevent red foxes from using open habitats more during the summer in YNP. In YNP, coyotes displaced or deterred red foxes in 66% of observed interactions near elk carcasses (Gese et al. 1996b) , and presence of coyotes could potentially offset benefits provided by foraging in a more prey-rich habitat. Red foxes also may have a locomotive advantage in snow (i.e., red foxes have less foot-loading than coyotes), which allows them to exploit open habitats more in winter, and the red foxes at higher elevations in YNP appear well adapted to deep snow with larger, furrier feet than red foxes at lower elevations that are likely of European descent (Fuhrmann 1998) . Less vulnerability from coyote predation due to maturity of red fox young in winter may also explain greater use of more-open habitats. Information concerning the ecology of red foxes in the Rocky Mountains of the United States is scant, and this study is the 1st to examine habitat selection of red foxes in YNP at these 2 spatial scales. It is unclear if the red foxes in this study are the native, high-elevation subspecies of red fox (V. v. macroura) described by Fuhrmann (1998) and Swanson et al. (2005) , because more research on the taxonomic origin, history, and ecology of the red foxes of YNP is needed. However, the dominant use of forested habitats, the lighter, blond color morph, and abundance of fur covering the toe pads of red foxes in this study are all traits associated with V. v. macroura (Fuhrmann 1998; Kamler and Ballard 2002) . Native red foxes are thought to be cold-adapted species that have a preference for boreal forest and montane forest habitats (Aubry 1983; Crabtree 1993) . If red foxes in this study are V. v. macroura, selection for forested habitats and against lowelevation, mesic grasslands may in part be due to habitat preferences, and not entirely a result of avoidance of coyotes.
The fact that red foxes were not closer to ecotones than expected at either scale is surprising, because many studies of habitat use by red foxes have noted an affinity for edges (e.g., Henry 1986; Lindstrom 1982; Phillips et al. 2003; St. Georges et al. 1995) , including in YNP (Fuhrmann 1998) , although the latter study was at the population scale (1st-order selectionJohnson 1980). However, our finding was largely due to the strong selection of Douglas-fir habitat by red foxes at both scales. Red foxes were farther from ecotones than expected in Douglas-fir habitat, and their heavy use of this habitat helped to mask the fact that they were closer to ecotones than expected in all other habitats at both scales with the exception of whitebark pine, which was seldom used. Why red foxes used aspect differently than expected is unclear, for example, selecting for north-, south-, and east-facing slopes and against west-facing slopes at both scales. Goldyn et al. (2003) also found that red foxes in Poland avoided west-facing slopes.
Although sagebrush was not selected for at the withinhome-range scale (Tables 1 and 3) , red foxes tended to utilize sagebrush habitat more than expected for foraging (Fig. 1) . Mesic habitat provides virtually no cover for red foxes. Compared to forested habitat types, greater abundances of arvicoline rodents (Gese et al. 1996a ), pocket gophers (Mattson 2004) , and elk carrion (R. L. Crabtree and J. W. Sheldon, in litt.) have occurred in mesic meadow and sagebrush habitats; thus, red foxes may use sagebrush habitat, which provides some cover (Fuhrmann 1998) , for short bouts of intense foraging.
Snow-tracking results paralleled the results from radiotracking, suggesting that telemetry errors in this study were small enough to reveal the underlying patterns of habitat use by red foxes. Snow tracking is labor intensive and depends on quality snow-tracking conditions (Bull et al. 1992) , which resulted in small samples sizes in comparison to radiotelemetry. Quality of tracking conditions decreases with time since snowfall (Beauvais and Buskirk 1999; K. W. Van Etten, in litt.), thus good conditions depend on regular snowfalls that provide trackclearing events. High winds decrease visibility of tracks, and are especially problematic in less-protected habitats (Beauvais and Buskirk 1999) such as mesic meadow and sagebrush, which can bias selection results against these habitats and for more protected habitats. In addition to the obvious limitation to the winter season, snow tracking may thus be impractical in regions with little snowfall, consistently windy conditions, or with regular freeze-thaw cycles that form crusts (Bull et al. 1992) .
A major benefit of snow tracking is that behaviors can potentially be inferred at any given location. Some behaviors may be difficult to infer using radiotelemetry, and when sample sizes from telemetry are small, results may be biased toward the most common behaviors (Mysterud and Ims 1998; Palomares and Delibes 1992) . In our study, most foraging activity occurred in sagebrush habitat, which was impossible to identify with telemetry data; however, based solely on radiotelemetry data, use of sagebrush habitat was not selected for at either scale. Snow tracking also allows collection of scat and snagged hair for use in food habitat and DNA studies.
Studies examining within-home-range selection often do not demonstrate strong patterns of selection because animals have already selected for habitats at the study-area scale (Thomas and Taylor 1990) . This could certainly be the case with red foxes in YNP, because patterns of habitat selection were much stronger at the study-area scale compared to the within-home-range scale. However, results from the study-area scale need to be interpreted with caution. Analysis of habitat selection at this scale required defining a study area of available habitat, and whether all habitats included within the study area were truly available to red foxes is unclear. In theory, animals should choose available habitats with the greatest quality to maximize fitness (Orians 1980) . However, greater resource abundance may not lead to maximized fitness if disease or predation risk reduce habitat quality below expected levels (Orians and Wittenberger 1991) or make habitats unavailable. For example, mesic habitats contain high densities of arvicoline rodents (Gese et al. 1996a ) and elk carrion (R. L. Crabtree and J. W. Sheldon, in litt.), yet home ranges of red foxes contained much less of this habitat type than expected, likely because of exclusion by coyotes, which favor this habitat type (Gese et al. 1996a; Van Etten 2006) .
